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SI Materials and Methods
Targeting the Rpl22 Gene and Generating the RiboTag Mouse. BAC
clone RP23–61018 containing C57BL/6 genomic sequence in-
cluding the Rpl22 gene was obtained from BACPAC Resources,
and a 9.8-kb EcoRI/BamHI fragment containing exons 3 and 4
of the Rpl22 gene was subcloned into pBluescript KS�. The KS�

plasmid containing the EcoRI/BamHI BAC fragment was then
digested with XbaI/XhoI, producing a 650-bp fragment contain-
ing ribosomal protein Rpl22 exon 4. This fragment was also
ligated into KS�. Using overlapping oligonucleotides and PCR,
a BamHI site was engineered at the 3� end of the 650-bp
XhoI/XbaI fragment and resubcloned into KS�. The XbaI/XhoI
fragment in the KS� was then digested with AatII and filled in
with Klenow enzyme; a 1.7-kb SalI/ClaI fragment from the
targeting vector 4517D1 (a gift from R.D.P.) containing a 5�
LoxP site followed by a neomycin cassette flanked by FLP
Recombinase FRT sites was also filled in with Klenow. The
loxP-FRT site-f lanked neomycin resistance cassette was then
blunt-ended into the XbaI/XhoI fragment in KS�. To insert the
3� hemagglutinin sequence just before the Rpl22 stop codon in
the targeting vector, overlapping oligonucleotides were used to
create a BamHI restriction site at the original stop codon in
Rpl22 exon 4 of the targeting vector. Using oligonucleotides with
BglII restriction sites on the ends, a 100-bp PCR fragment (from
the vector BD2512) was generated that contained the 3�
hemagglutinin sequence followed by a stop codon. This 100-bp
PCR fragment containing the 3� hemagglutinin tag followed by
a stop codon was gel-isolated and subcloned into the BamHI site
in exon 4 of the targeting vector.

To generate the loxP site 5� to the wild-type exon 4, a
HindIII/ApaI fragment containing a loxP-neomycin cassette-
loxP fragment was filled in with klenow enzyme and gel-isolated.
The original EcoRI/BamHI fragment from the BAC containing
exon 4 of Rpl22 in KS� was digested at the AatII site 5� to the
wild-type exon 4 sequence and filled in with klenow. The
loxP-neomycin cassette-loxP fragment was then blunt-end-
ligated into the AatII site 5� to exon 4 of Rpl22. This plasmid was
then treated with Cre recombinase in vitro to remove the
intervening neomycin cassette and leave a single loxP site 5� to
the wild-type exon 4. To assemble the completed Rpl22 targeting
sequence, one of the KS� plasmids was digested with NotI and
ApaI and a linear fragment of the Rpl22 gene with the loxP-
FRT-neomycin cassette-FRT in the intron and the modified
Rpl22 exon 4 with the three consecutive HA epitopes followed
by a stop codon isolated. The NotI/ApaI linear fragment was
filled in with klenow enzyme and ligated into the klenow filled
XhoI site of a second KS� plasmid containing the 5� loxP site and
the wild-type Exon 4. To generate the final targeting construct,
BsmBI and NotI restriction enzymes were used to cut and klenow
enzyme was used to fill in the targeting vector sequence in KS�

that contained the modified Rpl22 genomic segment with LoxP
sites flanking wild-type Rpl22 exon 4, a duplicated C-terminal
Rpl22 exon 4 with three consecutive HA epitopes inserted before
the stop codon, and a FRT site-f lanked neomycin resistance
cassette located between the wild-type exon 4 and the HA-
tagged exon 4. The targeting vector 4517D1 (1) was then digested
with XhoI and BglII restriction enzymes, and the ends were filled
in with klenow enzyme. To create the final 14.1-kb targeting
vector, the above-mentioned fragments were blunt-end-ligated.

The oligos used to modify the Rpl22 BAC sequence were:
Rpl22-BAM For: 5�-GGAGGAAGACGAGGATCCGGA-

CACATTGGTCTGCAAT-3�

Rpl22-BAM Rev: 5�-GGAGGAAGACGAGGATCCGGA-
CACATTGGTCTGCAAT-3�

BglII-HA For: 5�-GAATTCAGATCTATACCCATACGAT-
GTTCCTGAC-3�

BglII-HA Rev: 5�-GAATTCAGATCTCTAATCAG-
CAGCGTAATCTGGAACGTC-3�

BamHI-HA For: 5�-GAATTCGGATCCATACCCATAC-
GATGTTCCTGAC-3�

BamHI-HA Rev: 5�-GAATTCGGATCCCTAAG-
GAACGTCATATGGATAGGA-3�.

For ES cell screening, a SfiI/HindIII digest of genomic DNA
was performed followed by Southern blot analysis using a 1-kb
probe located 3� to the targeting construct (Fig. S1). Electro-
poration of the Rpl22 targeting vector into ES cells resulted in
correctly targeted clones (Fig. 1B), one of which was expanded
and injected into blastocysts. Male chimeras derived from blas-
tocyst injections were bred to C57BL/six females to obtain
germline transmission of the mutant allele. PCR from tail DNA
using primers flanking the loxP site located 5� to the wild-type
exon 4 confirmed the presence of the targeting allele in the F1
offspring (Fig. 1C). Once the RiboTag allele was passed through
the germline, these mice were bred to FLPeR mice to remove the
neomycin resistance cassette (2). Successful removal of the
neomycin cassette was confirmed by PCR using a forward oligo
located in the 3� end of the neomycin gene and reverse oligo
corresponding to genomic Rpl22 sequence 3� of the neomycin
cassette. Removal of the neomycin resistance cassette leaves a
single FRT site located 3� to the second loxP in the intronic
sequence flanking wild-type exon 4 (confirmed by sequencing
liver genomic DNA from a germline Rpl22HA/HA mouse). The
resulting mice are referred to as the RiboTag mouse line.

To genotype the RiboTag mice, a PCR was developed that
includes the loxP site 5� to the wild-type exon 4 of Rpl22 (Fig. S1);
the wild-type PCR product is 260 bp, while the mutant product
is 290 bp. This PCR also distinguishes homozygous RiboTag
mice, as the 5� oligo corresponding to the intron between exons
3 and 4 of Rpl22 is not present in the repeated segment of intron
preceeding the C-terminal Rpl22HA exon 4. F1 RiboTag mice
bred to Cre recombinase-expressing mouse lines were genotyped
for the presence of the Cre recombinase cDNA and the RiboTag
allele. The following reaction conditions were used: 95 °C for 2
min followed by 30 cycles of 95 °C for 30 s, 65 °C for 30 s, and
72 °C for 30 s. The following PCR primers were used for
genotyping:

RiboTag loxP For: 5�-GGGAGGCTTGCTGGATATG-3�
RiboTag loxP Rev: 5�-TTTCCAGACACAGGCTAAGTA-

CAC-3�
Cre cDNA For: 5�-GCATTACCGGTCGATGCAAC-

GAGTG-3�
Cre cDNA Rev: 5�-GAACGCTAGAGCCTGTTTTG-

CACGTTC-3�

Immunoprecipitation of Polysomes. For immunoprecipitations, 100
�L protein G magnetic beads (Dynabeads; Invitrogen) were
coupled directly to 10 �L mouse monoclonal anti-HA antibody
(HA.11, ascites fluid; Covance) for 45 min in citrate-phosphate
buffer, pH 5.0 (24 mM citric acid, 52 mM dibasic sodium
phosphate). Antibody-coupled beads were washed once in cit-
rate-phosphate buffer, pH 5.0, and twice in immunoprecipita-
tion buffer (50 mM Tris, pH 7.5, 100 mM KCl, 12 mM MgCl2,
1% Nonidet P-40) before they were added to homogenates.
Homogenates were prepared as follows: Brain or testis samples
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were rapidly removed and weighed before Dounce homogeni-
zation (10% wt/vol) in polysome buffer (50 mM Tris, pH 7.5, 100
mM KCl, 12 mM MgCl2, 1% Nonidet P-40, 1 mM DTT, 200
U/mL Promega RNasin, 1 mg/mL heparin, 100 �g/mL cyclo-
heximide, Sigma protease inhibitor mixture). Samples were then
centrifuged at 10,000g for 10 min to create a postmitochondrial
supernatant. Supernatants (400 �L) were then added directly to
the antibody-coupled Protein G magnetic beads and rotated
overnight at 4 °C. The following day, samples were placed in a
magnet on ice and supernatants recovered before washing the
pellets three times for 5 min in high salt buffer (50 mM Tris, pH
7.5, 300 mM KCl, 12 mM MgCl2, 1% Nonidet P-40, 1 mM DTT,

100 �g/mL cycloheximide). After washing, 4% of the pellets and
2% of the input and supernatant samples were saved for Western
blot analysis. To prepare total RNA, 5 volumes or 2.5 volumes
of Qiagen RLT buffer were added to the remaining pellets or to
the input samples, respectively. Total RNA was prepared ac-
cording to manufacturer’s instructions using an RNeasy Mini kit
(Qiagen) and quantified with a NanoDrop 1,000 spectropho-
tometer (Thermo Scientific) and the RiboGreen RNA quanti-
tation kit (Molecular Probes). RNA quality was also assessed on
1% denaturing formaldehyde gels followed by ethidium bromide
staining.
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Fig. S1. Generating the targeting vector for Rpl22. Schematic representation of the WT allele (top), the targeting construct (middle), and the targeted allele
(bottom). Figure shows diagnostic restriction sites and the location of the PCR primers and the Southern probe. Sv-NeoR was used for selection in ES cells, and
Pgk-DTA and HSV-TK were used for negative selection.
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Table S1. List of oligonucleotides used for qRT-PCR assays.

Forward Reverse

Actb 5�-AGTGTGACGTTGACATCCGTA-3� 5�-GCCAGAGCAGTAATCTCCTTCT-3�

Cnp 5�-ACGAGTGCAAGACGCTATTC-3� 5�-CCGCTCGTGGTTGGTATC-3�

Fshr 5�-TGTTCTCCAACCTACCCAACT-3� 5�-GGCAAGTGTTTAATGCCTGTGT-3�

Inhbb 5�-CCTGGGCGATAGCAGACATC-3� 5�-ATCCAGTCGTTCCAGCCGA-3�

Penk1 5�-GAGAGCACCAACAATGACGAA-3� 5�-TCTTCTGGTAGTCCATCCACC-3�

Pdyn 5�-GAGGTTGCTTTGGAAGAAGGC-3� 5�-TTTCCTCTGGGACGCTGGTAA-3�

Ppp1r1b 5�-CGGAGGTCCTGAAAGGCAG-3� 5�-GGTCCTCAGAGTTTCCATCTCTC-3�

Prm1 5�-ATGCACAGAATAGCAAGTCCATCA-3� 5�-GTGGCGAGATGCTCTTGAAGT-3�

Prm2 5�-ATGGTTCGCTACCGAATGAGG-3� 5�-CTCCGCCTTCTGCATGACC-3�

Slc6a3 5�-CGGGCAGTTCAACAGAGAAGG-3� 5�-GCCCACGTAGAAAGAGATGAGG-
3�

Th 5�-CAGAGTTGGATAAGTGTCACCAC-3� 5�-GGGTAGCATAGAGGCCCTTCA-3�

Trf 5�-GTCCCTGACAAAACGGTCAAA-3� 5�-GCGGAAGGACGGTCTTCAT-3�
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